The objective of this report is to compile, in a single reference, several radiochemical analyses performed by the V.G. Khlopin Radium Institute, St. Petersburg, Russia. These analyses were performed for the Pacific Northwest National Laboratory. Four samples of spent nuclear fuel were analyzed for certain rare earths (Neodymium, Samarium, Europium, and Gadolinium) and one sample was analyzed for Rhodium. This work was conducted from 1993 to 1995 for the Department of Energy (DOE) Burnup Credit Program.
Analysis of Samples 87-63 and 87-72

Background on Work Performed on Samples 87-63 and 87-72
Samples 87-63 and 87-72 were partitioned from archived samples from ATM-104, Rod MKP-109. Section 104-MKP-109-P supplied the material for Sample 87-63 and had a burnup of 44.34 Mwd/KgU. Section 104-MKP-109-CC supplied the material for Sample 87-72 and had a burnup of 37.12 Mwd/KgU. Information on both the fuel rod, its irradiation history in a reactor, and information regarding the specific samples can be obtained in Reference 1. The samples were sent to the Khlopin Radium Institute in St. Petersburg, Russia for the analysis of abundances of several nuclides:
Sm -147, 149, 151, 152 Gd -155 Eu -155 Nd -143, 145
Concentrations were to be measured as the amount of nuclide relative to Nd-145.
Initial Sample Evaluation and Preparation
The samples were sent in the form of dry residues, in the bottom of glass vials, packed in lead containers and in a shipping drum. This package was transported by air freight to St. Petersburg and received in the Institute undamaged and sealed.
The HPGe gamma-spectrometer was used to measure the activities in the sample. The only two nuclides detected were europium-154 and europium-155. Procedure used complied with OST 95 10234-86 (1987) Two different methods were chosen for the analysis of the samples: laser induced fluorimetry for direct determination of total Eu and Sm content in the sample and conventional isotope dilution mass spectrometry (IDMS) with preliminary radiochemical isolation of pure Nd, Sm, Eu, and Gd for determination of isotope abundances of those elements and total amounts of Nd and Gd.
Analytical Methods Applied -Short Description
Standards Used in the Analysis
The calibration of laser fluorimeter and IDMS were made with use of working reference solutions prepared from pure oxides of Nd, Sm, Eu, and Gd in accordance with Russian standard GOST 23862.0-79. According to information obtained from producer, all four oxides were of 99.97, 99.75, 99.94, and 9.9996% purity respectively. After calcinations until the constant weight was achieved, all oxides were dissolved in nitric acid and final solutions were weighed. Those stock solutions were prepared in 1993 and since that time the careful checking of their gross weight was carried out. This procedure enabled
1.1
Khlopin to correct the concentration of the stock solutions during the storage period. The concentration of the elements in the stock solutions and in the diluted solutions prepared from them was as follows ( The content of main isotopes in isotopic tracers Nd-142 and Gd-156 was 95.7 and 95.5 wt%, respectively. Their concentrations in spike solutions determined by means of isotope dilution mass spectrometry with use of working reference solutions of Nd and Gd of natural isotopic composition as tracers were as follows (on January 1995): Nd-142 -7.92+-0.08 ug/g; Gd-156 -4.03+-0.04 ug/g.
Radiochemical Analysis
Dissolution of the Samples
The dried samples were dissolved in concentrated nitric acid, then evaporated to dryness and dissolved in 0.1 M nitric acid. The procedure of dissolution was carried out directly in the vials sent to the Radium Institute. Weights of the vials and solutions were the following: 
Determination of Isotopic Composition
Analysis consisted of two stages. The first stage was the isolation of the pure rare earth elements by paper electrophoresis. For this an aliquots of each sample solution were dried. After dissolution in 0.001 M EDTA having pH = 1.7 the solution was applied on the strip of Whatman-31 paper and separated into pure fractions of individual elements (for subsequent mass-spectrometric investigation). Conditions 1.2 of electrophoretic separation: E=24 V/cm ; t=70 minutes, temperature 60 C. Zone positions of Pm and Eu on the paper strip were located by scanning it with a collimated GM-counter. The following parts of the paper strip were cut off and used for the mass-spectrometric measurement of the isotopic composition of each element (from the start) : Nd -25-28 cm, Sm -15-17 cm, Eu -13-14 cm, Gd -10-11 cm. These sections were ashed, dissolved, and loaded on the filaments of mass-spectrometer. 
where:
Q(x) -mass of an element in the sample, C(st) -concentration of an element in standard solution, N(x) -sum of photon pulses for the sample, N(st) -sum of photon pulses for the standard, M -mass of diluted sample solution, K(x) -coefficient of dilution.
Series of measurements consisted of 20 observations of the ratio N(x) / N(st). The random errors were derived as:
where SD -standard deviation Isotope amounts of Eu and Sm were derived from data for isotope abundances and results of fluorimetry.
Determination of Nd and Gd by Isotope Dilution
Method of isotope dilution was based on comparison of isotope ratios of Nd and Gd between unspiked and spiked samples. Experimentally procedure consisted in addition of known amount of isotope spikes Nd-142 and Gd-156 to the known aliquots of both samples, electrophoretic separation of rare earth 1.3 elements and measuring new isotopic ratios of Nd and Gd fraction relative to Nd-142 and Gd-156. For calculation of total amount of Nd and Gd the following formula was used:
Q(Nd,Gd) -total amount of Nd or Gd in the sample expressed in weight units, ng;
T(S) -titre of the spike solution Nd-142 or Gd-156, ng/g; K(i) -mass fraction of the base isotope in Nd or Gd. The base isotope for Nd was chosen Nd-144, for Gd -Gd-158; P(S) and P(V) -weights of aliquots of spike and sample solutions respectively taken for analysis;
M(i) and M(S) -atomic weights of base and spike isotopes respectively; P -total mass of the sample solution R(m),R(v) and R(S) -isotopic ratios of base isotope (Nd-144 or Gd-158) relative to the spike isotope (Nd-142 or Gd-156) in the spiked aliquot of the sample solution, unspiked one and spike solution respectively.
For error propagation all sources (both random and systematic) were taken into account. It was found that the main source of uncertainty was the error of the values of spike concentrations.
Analytical Results
Results of determination of isotopic composition of Nd, Sm, Eu, and Gd measured by radiochemical separation and mass-spectrometry are presented in Tables 1.4 Results of gamma-spectrometric measurements are presented in Table 1 .4.6. 
Initial Sample Evaluation and Preparation
The sample was in the form of several milligrams of dry residue in a glass vial, packed in lead container and in the shipping drum. This package has been transported by air freight to St. Petersburg and received from customs in May 1993 -undamaged and sealed.
The HPGe gamma-spectrometer was used to measure the activities in the sample. The only two nuclides detected were 154-Eu and 155-Eu:
154-Eu 840 +/-100 KBq i.e., 80 +/-10 ng 155-Eu 230 +/-30 KBq i.e.,13 +/-2 ng Procedure used complied with the OST 95 10234-86(1.11.1987) Standard -and the sample had not to be removed from the original vial. This measurement was made only to evaluate the expected amounts of the fission products (both radioactive and stable) present in the sample and will be compared later with amounts detected by mass-spectrometry.
Three different methods were chosen for the analysis of the sample: the secondary ion mass-spectrometry (SIMS) for panoramic investigations of isotopic ratios of rare earths, laser induced fluorimetry for direct determination of total Eu and Sm content in the sample and conventional isotope dilution mass spectrometry with preliminary radiochemical isolation of pure Nd, Sm, Eu, and Gd for precise determination of isotope abundances of those elements and total amounts of Nd and Gd.
2.1
Two of these methods (SIMS and fluorimetry) can use the microgram quantity of material, while the latter needed as much of the sample material as possible.
For the first method (SIMS) a small (about 1/1000) aliquot was taken from the sample. This was done by touching the inner wall of the sample vial with the end of a clean platinum wire slightly wetted with 0.1 M nitric acid and letting it dry. Repeated gamma-spectrometry measurement has shown that about 600 Bq of 154-Eu was present on the platinum wire, and consequently less than 1/1000 of the original sample material has been removed. That platinum wire was used in the SIMS analysis as described below, and the rest of the Sample went to the radiochemical analysis. Since all errors in absolute isotope concentrations in the sample weights are not less than several %, we did not correct the results for this (negligibly small) part of the sample we removed.
Analytical Methods Applied -Short Description
SIMS Analysis Procedure and Corrections
Secondary Ion Mass Spectrometry (SIMS) has been performed with a very small portion of the sample (after conventional radiochemical determination the whole REE content of sample was found to be about 40 milligrams and the SIMS part of the sample was determined to have about 30 nanograms, derived as shown in Section 2.2). The platinum wire with small part of the original sample on its surface has been exposed to the 10 nA beam of negative 16-0 ions in IMS 4f Ion Microprobe (CAMECA) mass-spectrometer. In order to reduce the molecular ion interference the energy-filtering technique has been applied using sample HV offset (-100 V) and Small energy slit (10 eV). Nevertheless the difference in the evaporation efficiency for different elements (Nd, Sm, Eu, and Gd) had to be corrected for using the standard sample with known concentrations of the same elements. This standard had been prepared from natural isotope mixtures of these elements and certified by the State Institute "Mekhanobr" in St. Petersburg (see Section 2.4, below). Correction factors (i.e. ratios of true element concentration to one derived from the mass-spectrum) found this way were:
C(Nd) = 1. ; C(Sm) = 0.91; C(Eu) = 0. 88; C (Gd) = 0.94
Laser Luminescence Determination of Sm and Eu
The total mass-spectrum received from IMS 4f spectrometer gave mass abundances for all (cumulative masses from 142 to 160. Those masses that were undoubtedly belonging to single isotope components of definite elements masses 142 -147, 149, 153, 156 -160) were corrected using the coefficients quoted above. Those mass peaks that in all probability belonged to several (mostly two) isotopes of different elements were corrected using the average of the corresponding coefficients (and the relative error quoted was increased by 17% -the typical difference in the coefficients). Later the masses for such doublets are quoted in the results as sums of all element components for this particular mass value. Final results obtained by SIMS method are presented in Section 2.5. 
Radiochemical Separation/Mass-Spectrometry Procedure
The dried sample was dissolved in concentrated nitric acid, evaporated to dryness and dissolved in 0. The second part, was used for isotope assay determinations. Rare earths in both parts were purified by means of successive co-precipitation on fluoride and hydroxide of lanthanum of high purity. After dissolution in 0.001 M EDTA having pH 1.7 the solution was separated by electrophoresis on Whatman-31 paper into pure fractions of individual elements (for subsequent mass-spectrometric investigation). Condition of electrophoretic separation: E=24 V/cm; t=7 (D minutes. Zone positions on the paper strip were located by scanning it with a collimated GM-counter.
The following parts of the paper strip were cut off and used for the mass-spectrometric measurement of the isotopic composition of each element (from the start):
Nd -29-30 cm, Sm -16-16.5 cm, Eu -13.5-14 cm, Gd -10.5-11 cm.
These sections were ashed, dissolved and deposited on the tantalum filament for TH-5, massspectrometer. The results of mass distribution determinations for Nd, Sm, Eu, and Gd fractions are presented in Section 2.5. For calculation of Nd and Gd amount the isotopic ratios relative to Nd-144 and Gd-156 were measured in unspiked and spiked parts of the sample. For calculation of element concentrations, the well-known equation of isotope dilution method was used. Results of determinations are given below in Tables 2.5.1 and 2.5.2.
Standards Used in the Analysis
The calibration of laser fluorimeter and IDMS were made with use of working reference solutions prepared from pure oxides of Nd, Sm, Eu, and Gd in accordance with Russian standard GOST 23862.0-79. According to information obtained from producer all four oxides were of 99.97, 99.75, 99.94 and 99.9996% purity, respectively. After calcination till the constant weight was achieved all oxides were dissolved in nitric acid and final solutions were weighed. Those stock solutions were used for preparation of working reference solutions.
2.3
Weights of oxides of four elements taken for preparation of stock solutions, their concentrations, and the concentrations of reference solutions used for calibration of analytical methods are given below: The content of main isotopes in isotopic tracers Nd-142 and Gd-156 was 95.7 and 95.5 wt%, respectively. Their concentrations in spike solutions determined by means of isotope dilution mass-spectrometry with use of working reference solutions of Nd and Gd of natural isotopic composition as tracers were as follows:
Nd-142 -7.59 ± 0-025 µg/g; Gd-156 -4.80 ± 0.03 µg/g;
Analytical Results
Results of analyses are presented below in Tables 2.5 .1, 2.5.2, and 2.5.3. The determination of total amount of Sm and Eu by fluorimetry gave the values 8725 ± 100 and 1223 ± 221 ng per sample respectively for p =0.95. Of course the radiochemical separation and mass-spectrometry with isotopic concentrations and does not resolve the multi-element peaks. Nevertheless we think that comparison of two sets of data shows applicability of SIMS to some problems in this field and should be kept in mind when fast analysis of very small quantities is necessary. We suggest that SIMS data for masses involving Sm isotopes should be doubted -probably because the correction factor for Sm in the sample has been erroneous -due to some difference in the chemical properties of the standard and the sample analyzed. We marked the doubtful lines with "*". Concentrations were to be measured either in grams of nuclide per sample or as the amount of nuclide relative to Nd-145.
Initial Sample Evaluation and Preparation
The samples were sent in the form of dry residues, presumably, in the bottom of glass vials, packed in lead containers and in the shipping drum. This package was transported by air freight to St. Petersburg and received in the Institute in October 1995 being undamaged and sealed.
Two different methods were chosen for the analysis of the samples: laser induced fluorimetry for direct determination of total Eu and Sm content in the sample and conventional isotope dilution mass spectrometry (IDMS) with preliminary radiochemical isolation of pure Nd, Sm, Eu, and Gd for determination of isotope abundances of those elements and total amounts of Nd and Gd.
Analytical Methods Applied -Short Description
Standards Used in the Analysis
The calibration of laser flurometer and IDMS were made with use of working reference solutions prepared from pure oxides of Nd, Sm, Eu, and Gd in accordance with Russian standard GOST 23862.0-79. According to information obtained from producer respectively. After calcination till constant weight was achieved, all oxides were dissolved in nitric acid and final solutions were weighed. Those stock solutions were prepared in the 1993 and since that time careful checking of their gross weight was carried out. This 
Determination of Isotopic Composition
Radiochemical analysis consisted of two stages. The first stage was the isolation of a fraction of rare earth and trans-plutonium elements by adsorption on a column with D2EHPA in 0.05 M nitric acid and elution with 4 M nitric acid. The second stage was the separation of the RE+TPE fraction by paper electrophoresis in the solution of EDTA on Whatman-31 paper strips with dimensions 1=50 cm, d=1 cm.
For this an aliquot of each sample solution was dried. After dissolution in 0.001 M EDTA solution having pH = 1.7 the sample was applied on the strip of Whatman-31 paper and separated into pure fractions of individual elements (for subsequent mass-spectrometric investigation). Conditions of electrophoretic separation: E=24 V/cm; t=70 minutes, temperature 60ºC. Zone positions of Pm and Eu on the paper strip were located by scanning it with a collimated GM-counter. The following parts of the paper strips were cut off and used for the mass-spectrometric measurement Nd -28-32 cm, Sm -17-19 cm, Eu -15-16 cm, Gd -11-13 cm. These sections were ashed, dissolved, and applied on the filaments of mass-spectrometer.
The isotopic ratios were determined with use of mass-spectrometer TH-5 (Varian MAT) for Nd and Sm and MI 1201 (Russian) with position sensitive detector for Eu and Gd. The latter, gave the possibility to analyze the sample on subnanogram level.
Laser Luminescence Determination of Sm and Eu
Absolute measurement of Sm and Eu amount in the samples was done by luminescent analysis. 
Determination of Nd and Gd by Isotope Dilution
Method of isotope dilution was based on comparison of isotope ratios of Nd and Gd between unspiked and spiked samples. Experimentally procedure consisted of addition of known amount of isotope spikes Nd-142 and Gd-160 to the aliquots of both samples, electrophoretic separation of rare earth elements and measuring new isotopic ratios of Nd and Gd fraction relative to Nd-142 and Gd-160. For calculation of total amount of Nd and Gd the following formula was used: For error propagation all sources (both random and systematic) were taken into account. It was found that the main source of uncertainty was the error of the values of spike concentrations.
3.4
Analytical Results
Results of determination of isotopic composition of Nd, Sm, Eu, and Gd measured by radiochemical separation and mass-spectrometry are presented in Tables 3.4 .1-3.4.2.
Total element amounts and isotope concentrations were calculated on the basis of data in Tables 3.4 .1, results of IDMS (for Nd and Gd) and luminescent analysis (for Sm and Eu). Results of determination of total element amounts in part 1 of the sample 87-108 are given in the Table 3 .4.2. Isotope concentrations relative to the 145-Nd concentration are presented in the Table 3 .4.3. 
Rhodium Analysis of Sample 87-108
Background on Rhodium Analysis Performed on Sample 87-108
Interest in rhodium produced from fission originated in a twofold manner:
1. Rhodium accumulated in the fission products has the only stable isotope -rhodium-103, which can be used instead of natural rhodium providing its radiochemical purification from other fission products is satisfactory. So the spent fuel may be considered as a source material for rhodium production. This question is under consideration since early 80-th.
2. Rhodium-103 is a relatively effective neutron poison (cross-section = 160 barn) and its accumulation should be taken into account both for calculation of reactor operation period and nuclear safety during the storage of spent fuel assemblies.
For the first time theoretical estimations of accumulation of rhodium and other platinum metals were made in 70-th [1] . Those estimations gave the values of rhodium content in fuel of 450 mg/kg U at burnup 33000 MWd/Mtu. Precise calculations are complicated by the necessity to take into account a series of (n, gamma) reactions and differences between rhodium yields for fission of uranium-235, plutonium-239, and plutonium-241. From the other hand, the absence of stable or long-lived rhodium isotopes other, than rhodium-103, makes any traditional technique of isotope dilution mass-spectrometry useless for rhodium determination in spent fuel by destructive analysis.
Early experimental works on rhodium determination in spent fuel were carried out in 60-th. A sample of metallic uranium spent fuel with low burn-up was analyzed. Mass fraction of rhodium in uranium was found of 7,5-8 mg/kg U [2] . The chemical isolation of rhodium was carried by three-stage chromatography. The final spectrophotometric determination was made by comparative measurement of absorbance of rhodium complex with tin chloride.
Slightly modified variant of the similar technique was used for analysis of some model compositions of fissile materials [3] . Results of determination of rhodium content in highly radioactive waste of reprocessing plants were summarized in [4].
On the first stage of the studies on rhodium accumulation in spent fuel the spectrophotometric measurements of absorbance of Rh-Sn chloride complex (molar absorbance = 4000) was widely used. There are two drawbacks of the method:
1. Relatively low sensitivity makes it necessary to use rather large aliquots of highly radioactive material;
2. There are some difficulties in determination of chemical yield of rhodium on the radiochemical stage of analytical procedure.
4.1
At present some methods of both rhodium and other platinum metals determination based on ICP-mass spectrometry and x-ray fluorimetry are developing intensively. These methods are very sensitive and may be used with a minimum chemical pretreatment of the sample. Both methods were used in the present work for determination of rhodium amount in the sample of spent fuel solution obtained from U.S. Department of Energy.
Experimental Method
The Radium Institute received ATM-106 Rod Section 87-108 Archive Sample for Laboratory Analysis. Approximately 0.022 g of oxide fuel equivalent as dried nitrate salts were divided equally into small screw caped vials by the customer. The shipment was received in the Radium Institute on October 1995.
One of those two portions was intended for determination of rhodium, other -for analysis of abundance of several nuclides of rare earth elements.
Dissolution of the Sample
One of two spent fuel portions of sample 87-108 as received was dissolved in the vial using mixture or nitric and hydrochloric acids at elevated temperature until the end of nitrogen oxide fuming. The solution was then quantitatively transferred from the vial to a flask weighed 5,5 M HCI under the control of completeness of transfer by radioactivity measurements of the vial. Main solution and portions of rinsing acid were merged and then 2 ml of 5,5 M HCI were added. The final solution was stirred carefully and heated. After cooling, the solution was weighed. Its weight -6,8235 g was used as a base for aliquoting. Determination of uranium in this solution was performed by laser induced fluorimetry in the solution of sodium polysilicate. Results are presented in Table 1 .
Data presented in the Table 4 .2.1 gave the possibility to express the results of rhodium determination as a ration Rh/U in weight %. For ICP MS a gravimetric dilution of 2 aliquots of the sample solution with 0,01 M HCI was carried out in order to obtain the final concentration of HCI 0,5-0,6 M. To one of two diluted aliquots a standard addition of standard rhodium solution containing 375 ng of rhodium was made.
For x-ray fluorimetry an anion exchange separation of rhodium from uranium was carried out (see Section 4.2.3). 
Method of Inductively Coupled Plasma Mass Spectrometry.
Inductively Coupled Plasma Mass-spectrometry (ICPMS) has become a widely acknowledged method of elemental analysis with very low detection limits (less than 100 ng/L). Two variants of this method are developed:
• ICPMS in combination with isotope dilution [5] . This variant is precise and reliable, but it cannot be used for rhodium determination
• ICPMS in combination with internal standard. The latter may be chosen among other elements with negligible isobaric interferences. In that case, the ratio of ion currents of main isotopes of element to be analyzed and internal standard are measured rather than absolute ion intensity. The main sources of errors for ICPMS are:
Instrumental drift; Matrix effects induces by the presence of Ca, Al, Fe, Na, Mg, U in large quantities; Isobaric effects induced be the presence of some oxide ions. For rhodium-103, this effect may be connected with the rubidium-87 oxide.
There are several methods for reducing or suppression of the influences of those factors:
• An optimum choice of internal standard. For rhodium, the best internal standard is indium.
• Using the standard addition technique.
In this work, the measurements were performed on a quadruple ICP mass-spectrometer Plasma Quad PQ2 -Turbo plus (VQ Instrumentation) with use both internal standardization technique (indium-115 as an internal standard) and combined internal standardization + standard addition technique.
x-Ray Fluorescent Analysis (xRFA).
The variant of xRFA developed in the Radium Institute [6] was intended for determination of some fission products in liquid radioactive waste. The method has rather good sensitivity and selectivity even in the presence of gamma-ray background from the radioactive fission products.
The instrument operates on the principle of wide-range xRFA in the band 15,5-25 keV that includes K-alpha peaks of light platinum group elements and some other metals peaks Zr, Nb, Mo, Tc, Ag, Cd, In, and Sn. The energy values for K-alpha peaks and sensitivity parameters of the instrument for some elements is given in Table 4 .2.2. The preliminary energy selection was realized by Bregg's cylinder reflector made of crystalline pyrographite. The counting rate was controlled by collimator. The semiconductor detector was protected from the influence of direct gamma-ray of fission products by tungsten shield. Bregg's reflector was adjusted for transmittance at a maximum 19,5 keV in order to ensure the efficient detection in the band 17 -23 keV. X-ray spectrum was induced by the braking radiation from the x-ray tube 3,5 BHV-7 with gold cylinder anode at 45 keV and 30 mA. The low energy part of the radiation was cut off by tantalum filter of 0.14 -0.18 mm thickness. Main part of detector block was the Si(Li) detector (Canberra) with resolution 150 eV at 5,9 keV. Data processing was carried by the program "GAMFIT" [7] .
Standard variant instrument was provided with a 5 ml cuvette for liquid sample with thin teflon bottom. This cuvette was placed in the beam of braking radiation. In order to ensure the optimum analytical signal the total mass of rhodium in cuvetter should be not less than 0.01 mg. This amount corresponded to 10 mg or irradiated uranium at burn-up more than 30000 MWd/MtU was unacceptably large and therefore a more sensitive technique of sample measurement was developed. In accordance with this technique, a sample dried on the filter paper was measured. For this an aliquot of the solution to be measured was placed in a little teflon dish. Then a filter paper disc with diameter 15,5 mm was placed there and solution was evaporated to dryness in order to obtain a uniform distribution of rhodium over the disk surface. This technique enables to increase the sensitivity more than 10 times (see Table 4 .2.3). (Relative increase of count rate of some elements on the paper in comparison with the count rate in solution placed in the cell of volume 5 ml. Total amounts of elements are equal in both cases. Count rates for solution is 1).
In order to reduce the random error of the measurement of filter paper discs, the technique of internal standardization was applied with use of indium as an internal standard. In this case, a standard amount of indium was added to the solution to be analyzed before its application of filter paper. The mass of rhodium on paper discs was calculated with use of calibration pot in coordinates m -R where R is the ratio of counting rates for K-alpha peaks of rhodium and indium measured for a series of standard solutions. The preparation of standard solutions is described below in the Section 4.2.4.
The choice of indium as an internal standard was caused by some of its properties: The coincidence of the results of Rh content determinations by two variants of ICPMS indicates that both of them are accurate within the error of measurement.
The main sources of the uncertainty or rhodium mass found in the sample 87-108 by ICPMS are as follows (for p=0,95):
-relative error of calibration plot 3%
-relative error of measurement of the rhodium/indium current ratios 2%
-relative error connected with preparation and volumetric addition of standard rhodium and indium solutions 3% -total relative error 5%
4.6
Using the data from the Table 4 .2.3, the weight ratio of rhodium to uranium in the sample 87-108 may be estimated:
rhodium/uranium = 0.000676 mg/9,96 mg = 0,068%
xRFA
In order to validate the values of rhodium content found be ICPMS a series of determinations of rhodium in the sample 87-108 by xRFA was carried out. Mass of rhodium in the aliquot applied on the paper disc was measured using calibration equation: R = 1.90 m -0.05
R -ratio of counts for rhodium and indium for constant mass of indium on the paper disc = Count = 0.002 mg;
M -rhodium mass on the disc.
Results are given in the Table 4.3.3.
In present work, the data obtained by xRFA are considered as validation ones because the uncertainty of these data is rather large. It may be estimated of 20 rel. %. Nevertheless, the data obtained by xRFA confirm that there is not bias in ICPMS data. The main source of error in xRFA technique is the uncertainty of the chemical yield in purification process.
Conclusions
The data on rhodium content in the sample 87-108 obtained in this work (0.0067 mg per one portion of the sample) are valid if there were no losses sample) of this element during the initial dissolution of irradiated uranium fuel. So the information about the dissolution technique is important. R-intensity ratio rhodium/indium. Exposure -300 s; background -100 counts.
4.7
For reducing the error connected with determination of chemical yield in the process of separation and purification of rhodium, the application of radioactive rhodium tracer is of great importance. In our opinion, the most prospective tracer is rhodium-102 with a half-life 210 day and analytical line in gammaspectrum 0.46 MeV. This isotope may be easily obtained by the reaction (p,n) on ruthenium-102 using low energy cyclotron.
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